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METHOD FOR MEASURING THE CHARACTER. 
ISTICS OF A GAS 

Stuart L. Seaton, Hampton, Va., assignor to the United 
States of America as represented by the Administrator 
of the National Aeronautics and Space Administra* 
ti,on 

Filed Dec. 8, 1965, Ser. No. 512,562 
Int. Cl. GO In 21/26 

U.S. Cl. 356—104 1 Claim 


ABSTRACT OF THE DISCLOSURE 

A device to aid in simultaneously determining the den- 
sity, velocity and temperature of a streaming gas. The 
beams of first and second lasers, having different fre- 
quencies, are directed into a small region of the stream- 
ing gas. A receiver is aimed at the small region of the 
gas for receiving the difference frequency scattered by 
the particles in the gas and producing an electrical signal 
therefrom. Means are connected to the output of the re- 
ceiver for recording the magnitude, frequency and spec- 
tral distribution of the electrical signal. From these re- 
cordings, the recordings of the magnitudes of the beams 
of the first and second lasers, and the calibrations of the 
first and second lasers, the density, velocity and tempera- 
ture of the streaming gas can be determined. 


The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay- 
ment of any royalties thereon or therefor. 

The invention relates generally to a method of and 
apparatus for measuring the characteristics of a gas and 
more specifically concerns a method of and apparatus 
for simultaneously measuring the density, velocity, and 
temperature of a streaming gas. 

An object of the invention is to provide a method of 
and apparatus for simultaneously measuring the density, 
velocity and temperature of a streaming gas. 

Another object of this invention is to provide an im- 
proved method of and apparatus for measuring the density 
of a gas. 

A further object of this invention is to provide a meth- 
od, of and apparatus for measuring the ..velocity of a 
streaming gas. 

Still another object of this invention is to provide a 
method of and apparatus for measuring the temperature 
of a gas. 

Other objects and advantages of this invention will fur- 
ther become apparent hereinafter and in the drawings, 
in which: 

FIG. 1 is a schematic diagram for the purpose of ex- 
plaining the operating principles of this invention; 

FIG. 2 is a graph for the purpose of explaining the 
operating principles of this invention; « 

FIG. 3 is a block diagram of a preferred embodiment 
of this invention; 

FIG. 4 is a schematic drawing of an element in an 
alternate embodiment of this invention; and 

FIG. 5 is a schematic drawing of an element in another 
alternate embodiment of this invention. 

In describing the preferred embodiments of the inven- 
tion illustrated in the drawings, specific terminology will 
be resorted to for the sake of clarity. However, it is not 
intended to be limited to the specific terms so selected, 
and it is to be understood that each specific term includes 
all technical equivalents which operate in a similar man- 
ner to accomplish a similar purpose. 

The operating principles of this invention will first be 


described while referring to FIGS. 1 and 2 , then the spe- 
cific embodiments of the invention shown in FIGS. 3, 4, 
and 5 will be described. 

If a narrow beam of light 11 from a light source 12 
g in FIG. 1 is directed into a gas 13, it is well known that 
the light in beam 11 will be scattered by the gas particles. 
If a small area 14 of gas 13 through which beam 11 passes 
is viewed by a small angle receiver 15, the receiver will 
receive a beam of light 16 containing the light scattered 
2Q by the gas particles in gas 13. The magnitude of the light 
in beam 16 received by receiver 15 is proportional to the 
density of gas 13. The constant of proportionality between 
the density of gas 13 and the magnitude of beam 16 is 
determined by many factors such as the magnitude of 
IS beam 11, the angle 17 between beam 11 and beam 16, the 
distance from area 14 to receiver 15, the polarizability 
of gas 13 and the wavelength of the light in beam 11. 

If gas 13 does not have a streaming velocity, then the 
frequency of the light in beam 16 is equal to the fre- 
20 quency of the light in beam 11. However, if gas 13 has 
a streaming velocity in the direction indicated by arrow 
18, beam 16 will have a frequency different from the 
frequency of beam 11 by an amount determined by the 
direction and velocity of flow of the gas. This frequency 
25 difference is due to the Doppler effect and is proportional 
to the velocity of the gas. 

In addition to the streaming velocity of gas 13, each 
particle in the gas will have randomly directed velocities 
caused by the temperature of the gas. As a result of the 
30 randomly directed velocities of the gas particles there will 
be a difference in spectral distribution between beam 16 
and beam 11. That is, the spectral distribution of beam 
16 will be broader than the spectral distribution of beam 
11. This spectral broadening, caused by the randomly di- 
35 rected velocities of the gas, is proportional to the absolute 
temperature of the gas. 

The relation of beam 16 in FIG. 1 to the density, ve- 
locity and temperature of gas 13 can best be understood 
by referring to the intensity versus frequency graph shown 
40 in FIG. 2. Curve 20 is the intensity versus frequency curve 
for beam 11 and curve 21 is the intensity versus frequency 
curve for beam 16. The amplitude of curve 21 is propor- 
tional to the density of gas 13. Obviously, the constant of 
proportionality includes the amplitude of curve 28. The 
45 frequency difference 22 between curves 20 and 21 is pro- 
portional to the velocity of the gas. The width 23 of curve 
21 at its one-half power point or any other convenient 
point above the frequency axis is proportional to the tem- 
perature of the gas. Consequently, if light source 12 pro- 
60 duces an output in. accordance with curve 20 and receiver 
15 receives scattered light in accordance with curve 21 
and the output of receiver is recorded, the recording can 
be analyzed to simultaneously determine the density, ve- 
locity and temperature of gas 13. 

In FIG. 3 there is shown a preferred embodiment of 
the invention that operates in accordance with the prin- 
ciples discussed above. The light source consists of two 
ruby lasers, 30 and 31. Lasers 30 and 31 are the pulse 
0Q type and are operated in synchronism by means of & 
control circuit 32. Control circuit 32 can be a pulse 
source that applies pulses to lasers 30 and 31 at the same 
times. A heater 33 is connected to laser 30 and a heater 
34 is connected to laser 31 to apply different amounts 
eg of heat to the two lasers. As is well known, the frequency 
of a ruby laser can be shifted over a narrow range by 
adjusting the temperature of the ruby. Consequently, since 
lasers 30 and 31 are operating at different temperatures, 
there will be a small difference in their output frequencies. 
70 The differences in the output frequencies of lasers 30 and 
31 are determined in a laboratory by well-known means 
for different amounts of heat applied to the two lasers. 
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The output beam 35 from laser 3ft passes through a meas- 
uring device 36 and the output beam 37 from laser 31 
passes through a measuring device 38. Measuring devices 
36 and 38 can be any conventional type for measuring the 
magnitude of the power output of a laser and at the same 5 
time permitting most of the laser energy to pass through 
it. For example, each of the devices could consist of a 
Brewster angle window with means such as a photomulti- 
plier tube for measuring the deflected energy. The output 
from measuring devices 36 and 38 are recorded on re- 10 
corders 39 and 40, respectively. Laser beams 35 and 37 
are parallel and close to each other, and are directed 
into a gas 41 whose density, velocity and temperature 
are to be measured. A small angle receiver 42 such as a 
photomultiplier tube and conventional optics is directed 15 
into a small region 43 of gas 41 through which beams 35 
and 37 pass. Since the difference frequency between 
beams 35 and 37 is relatively small, it will be in the range 
of receiver 42 and will be seen by receiver 42. The am- 
plitude of the output of receiver 42 is recorded by a re- 20 
corder 44. The output of receiver 42 is also applied to 
an analyzer 45 which will produce a waveform having 
the frequency characteristics of the curve 21 in FIG. 2. 
Analyzers which will perform the function of analyzer 
45 are commercially available. The output of analyzer 45 25 
is applied to a recorder 46 where it is recorded. Re- 
corders 39, 4ft, 44 and 46 can each be an oscilloscope with 
a Polaroid camera attachment. 

The operation of the preferred embodiment of the in- 
vention shown in FIG. 3 is performed as follows. The 30 
frequency output and spectral distributions of lasers 3ft 
and 31 are determined in a laboratory for different tem- 
peratures. Then selected temperatues are applied to lasers 
3® and 31 by heaters 33 and 34 such that the difference 
frequency between the two lasers will be a known value. 35 
The spectral distribution of this difference frequency is 
also determined. The magnitudes of the outputs of the 
two lasers is then determined from the recordings made 
by recorders 39 and 40. From the information obtained, 
a curve similar to curve 2® in FIG. 2 can be drawn. The 40 
scattered light in region 43 of gas 41 is then received by 
receiver 42 and recorded on recorder 44. This will give 
the magnitude of the curve 21 shown in FIG. 2. Conse- 
quently, since the magnitudes of curves 20 and 21 are 
known, the density of gas 41 can be determined. The out- 45 
put from receiver 42 which is applied through analyzer 
45 and recorded on recorder 46 will supply the frequency 
information for curve 21. Since the frequency of curve 
20 has been determined in the laboratory and the fre- 
quency of curve 21 can be determined from the record- 50 
ing made by recorder 46, the difference between these 
two frequencies can be determined which will be propor- 
tional to the velocity of gas 41. Also since the dimen- 
sion 23 of curve 21 can be determined from the record- 
ing made by recorder 46 and a similar dimension is de- 55 
termined by the laboratory calibrations run on lasers 30 
and 31, the temperature of gas 41 can be determined. 

In another embodiment of this invention the modified 
gas laser shown in FIG. 4 is used in place of the lasers 
3® and 31 in FIG. 3. Otherwise, this embodiment of the 00 
invention is the same as the one shown in FIG. 3. The 
embodiment of the invention shown in FIG. 4 consists of 
an He-Ne or other type gas laser 50. An electromagnetic 
helix 51 is wrapped around laser 50 and connected across 
an adjustable regulated D.C. power supply 52. Helix 51 65 
develops a uniform longitudinal magnetic flux throughout 
the gas in laser 50 which causes Zeeman splitting of the 
output frequencies from laser 50. The resulting output 
frequencies 53 from laser 50 to take the place of the fre- 
quencies produced by lasers 30 and 31 in FIG. 3. The 70 
frequencies 53 produced by laser 50 can be varied by 
means of the adjustable power supply 52. 

In still another embodiment of this invention, the 
laser beam modulator shown in FIG. 5, is used in place of 
lasers 30 and 31 in FIG. 3. Otherwise, this embodiment 75 
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is also the same as the one shown in FIG. 3. The embodi- 
ment of the invention shown in FIG. 5 consists of a 
laser 55 which produces a beam 56 having a frequency f L . 
A piezoelectric crystal 57 which can be either a quartz 
crystal or a tourmaline crystal is located in the path of 
beam 56 such that a part of beam 56 is transmitted 
through the crystal and a part of the beam 56 is reflected 
by the crystal. The transmitted part is beam 58 and the 
reflected part is beam 59. An oscillator 60 which pro- 
duces a frequency / c that is close to the natural frequency 
of crystal 57 is connected across the electrical axis of 
crystal 57. As is well known in the crystal art, crystal 
57 will oscillate at the frequency Due to the change 
in refraction of crystal 57 caused by its oscillations trans- 
mitted beam 58 has frequencies /l±/ c , and due to the 
Doppler effect reflected beam 59 also has frequencies 
/l±/ c . The frequencies in either beam 58 or beam, S3 
can take the place of the frequencies produced by lasers 
30 and 31 in FIG. 3. 

The advantages of this invention are that it provides 
improved methods and means for measuring the density, 
velocity and temperature of a streaming gas in which all 
of these characteristics of the gas can be measured simul- 
taneously. 

It is to be understood that the form of the invention 
herewith shown and described is to be taken as a pre- 
ferred embodiment. Various changes may be made in the 
shape, size and arrangement of parts. For example, equiv- 
alent elements may be substituted for those illustrated and 
described herein (neodymium doped glass lasers could be 
used in place of ruby lasers 30 and 31); parts may be 
reversed; and certain features of the invention may be 
utilized independently of the use of other features, all 
without departing from the spirit or scope of the inven- 
tion. 

What is claimed is: 

1. A device to aid in simultaneously determining the 
density, velocity and temperature of a streaming gas 
comprising: 

first and second lasers, calibrated for frequency and 
spectral distribution, with their energies directed Into 
the same small region of said streaming gas; 

means for adjusting the frequency of said first laser 
to a frequency 

means for adjusting the frequency of said second laser 
to a frequency f 2 different from 

means for measuring and recording the magnitudes of 
the energy from said first and second lasers; 

receiving means, aimed at said small region of said 
gas, for receiving the f\—f 2 laser energy in said small 
region scattered by the particles in said gas and con- 
verting the received scattered energy into a first elec- 
trical signal; 

analyzer means connected to said receiving means for 
producing a second electrical signal which is indica- 
tive of the magnitude, frequency and spectral distri- 
bution of said first electrical signal; and 

means for recording said second electrical signal where- 
by the density, velocity and temperature of said 
streaming gas can be determined from the calibra- 
tions of said lasers and said recordings. 
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